We estimate a time-varying coefficient VAR model for the U.S. economy to analyse (i) if the effect of monetary policy on output has been changing systematically over time, and (ii) if monetary policy has asymmetric effects over the business cycle. We find that the impact of monetary policy shocks has been gradually declining over the sample period , as some theories of the monetary transmission mechanism imply. In addition, our results indicate that the effects of monetary policy are greater in a recession than in a boom.
In addition to the cost channel, systematic changes of monetary policy effects over time can be derived from the 'credit channel', which is typically divided into the 'bank lending channel' and the 'balance sheet channel'. 1 Both channels point to changes in the private sector's financial structure as potential sources of changing effects of monetary policy. In particular, as financial innovations and the integration of financial markets make it easier to raise funds on capital markets, the dependence of the private sector on bank credit decreases and the bank lending channel likely becomes less effective.
Besides theories of monetary transmission, changes in the way monetary policy is conducted can alter the real effects of monetary policy shocks. Boivin and Gianonni (2002) employ a stylized model to argue that a decline in the real effects of monetary policy can be explained by a central bank that has an increasing preference for output stabilization in the face of supply and demand shocks and therefore makes more efficiently and more rigorously use of its own instruments.
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The second issue to be addressed in the empirical analysis are potential asymmetries of monetary policy over the business cycle. On the one hand, business cycle dependent effects of monetary policy can be motivated from a convex aggregate supply curve. In the flat part of the supply curve where output is relatively low as for example in a recession, a shift in the demand curve has a larger impact on output and a smaller on prices in contrast to the steeper part of the supply curve, where output is relatively high. 3 On the other hand, asymmetric effects of monetary policy can be explained by the 'balance sheet channel' focussing on the 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   -3 -3 borrower's net worth. 4 A decline in net worth following a contractionary monetary policy implies that borrowers have fewer internal funds and less collateral to acquire external funds.
This enhances the problems created by informational asymmetries. In a boom, when firms and households have a relatively high net worth, policy actions are less effective than in a recession when the net worth is relatively low.
As has been noted above, so far empirical studies have focussed on one of the two issues alone. Barth and Ramey (2001) and Boivin and Giannoni (2002, 2003) , for example, estimate
VARs for different sub-samples and find the average effect of monetary policy on output to decrease in the U.S. Moreover, concerning potential business cycle asymmetries, recent empirical evidence for the U.S. by Weise (1999) , Garcia and Schaller (2002) and Lo and Piger (2003) , among others, suggests stronger effects of monetary policy in a recession than in a boom.
In the present paper, we take up both issues raised and analyse them in a unifying empirical framework. We use a standard VAR framework and following Neumann (2001), we allow for time-varying coefficients following a random walk. This introduces an empirical framework referred to as TVC-VAR which is able to capture a potentially changing structure of the economy over time. In particular, time-varying impulse responses are generated that visualise the nature of this structural change over time. From time-varying impulse response estimates new insights can be gained concerning the evolution of monetary policy effects over time as well as potential asymmetries over the business cycle. Section 2 introduces the empirical framework. Section 3 presents our empirical findings and Section 4 concludes. 4 See Hubbard (1995) and Bernanke et al. (1996) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
, the model can be written as
5 See, e.g., Granger and Teräsvirta (1993) for a comprehensive survey. In order to get reasonable estimates of the coefficients from the limited amount of data points available, stochastic constraints are imposed. More specifically, the time variation of the coefficients is specified by assuming that the elements of t B follow independent random walks,
with W t ~ N (0, Σ W ) and Σ W being diagonal. This restriction constitutes the Gaussian 'smoothness prior' distribution on the time history of the VAR coefficients.
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In order to enable estimation of the n-dimensional system with time-varying coefficients, following Jiang and Kitagawa (1993) and Neumann (2001), a Cholesky recursive structure is imposed on the system, allowing to estimate the VAR equation by equation. Assuming that the structural form of the VAR follows a recursive structure, equation (1) can be written as
...
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where the structural residuals are distributed as V t ~ N (0, Σ V ), and Σ V being diagonal. The lower triangular matrix Γ t captures the recursive contemporaneous interactions of the endogenous variables. As Σ V is a diagonal matrix, the equations of model (4) can be estimated equation by equation yielding estimates of the structural coefficient matrices C 0,t , C 1,t ,…, C p,t as well as Γ t , and the variance-covariance matrix Σ V .
6 Alternatively an autoregressive structure like Simulations however show that the random walk model as a general specification captures several potential time paths of gradual coefficient changes quite well. Note, however, that the specification by construction imposes a smooth path for the coefficients. As a consequence, the model behaves badly when the underlying coefficient process exhibits discrete single shifts. An appropriate model to capture discrete stochastic shifts may be the Markov-Switching model, see, e.g., Garcia and Schaller (2002) . The matrices A i,t and Σ U,t as well as the residuals U t of the reduced form can be recovered using the following equations:
Estimating and Analyzing the Model For estimating (4) equation by equation each equation of the model is written as
where t y is the dependent variable and t x and t β are vectors collecting the variables and the coefficients of a single equation of model (4). (5) (1996) . In contrast to Koop et al. the present analysis assumes that once a shock has occurred there is no feedback of this shock to the coefficients of the model, coefficient variation thus is exogenous. From TVC-VAR estimates we derive an impulse response function for every point of time over the whole sample period. Figure 1 to be more likely to be subject to abrupt regime shifts rather than to a gradual change.
Empirically our results are consistent with the evidence found in Boivin and Giannoni (2002, 2003) and Barth and Ramey (2001) . Boivin and Giannoni (2002, 2003) The second issue we are interested in is whether there is a business-cycle dependency in the effects of monetary policy. Therefore, we compare our results with the U.S. recession periods.
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Conclusion
In the present paper we address two questions: ( channel, but also of models with convex supply curves. Finally, our findings suggest that the asymmetry of monetary policy effects over the business cycle has decreased since the mid 1980s.
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